T he ability of cells to take up nutrients or receive signals from their neighbours depends on proteins that are integrated into the plasma membrane. These proteins are not static, and can be moved to the cell's interior through a process called endocyto sis. Some will subsequently be routed back to the cell surface and reused, and others will be degraded. There are grave consequences if the balance between recycling and degradation is derailed. In this issue, Ketel et al. 1 (page 408) define a molecular mechanism that underpins the decision to direct cargo for recycling.
Phosphatidylinositol (PI), a major class of phospholipid, is an integral component of cell membranes. Phosphorylation at one or more of three different positions (dubbed 3, 4 and 5) in the headgroup of PI, which protrudes from the membrane, can give rise to seven minor lipid species called phosphoinositides (PIPs). There is considerable evidence 2 to suggest that PIPs are crucial intracellular traffic controllers. Different species of PIP recruit specific effector proteins, many of which direct the routing of membranes and their cargoes within the cell. PI3P (a PIP marked by one phosphate group at position 3) is needed for the forma tion of membranous structures called early endosomes 3 , which contain endocytosed proteins. As early endosomes mature, their cargoes are sorted according to whether they will be recycled or degraded. Addition of a phosphate group to PI3P to form PI(3,5)P 2 directs proteins for degradation 4 . However, it has not been known which PIPs, if any, mark membranes for recycling.
A PIP phosphatase enzyme called MTM1 removes the phosphate from position 3 of PI3P and PI (3, 5) Another protein that is normally recycled, β1 integrin, also became trapped in endo somes. This observation is in agreement with a previous study, in which the mtm gene was mutated in flies 6 , and is interesting because the presence of β1 integrin at the cell surface is cru cial for many cell types, including muscle cells, to attach to their surrounding matrix 7 . Ketel et al. showed that it is the inability of the mutant MTM1 to remove phosphate from endosomal PI3P that prevents proper re cycling of cell surface molecules to the plasma membrane. This inability may contribute to the muscle defects seen in patients.
Next, Ketel et al. showed that, in parallel with the removal of phosphate from PI3P, a phosphate group is added to position 4 by a lipid kinase enzyme called PI4K2A, generat ing PI4P. The authors found that MTM1 and PI4K2A form a complex, and that PI4K2A is required for the recruitment of MTM1 to endosomes. PI4K2A and MTM1 also form a complex with the exocyst, a set of proteins that is essential for the fusion of recycling endosomes with the plasma membrane 8 . Thus, the authors have mapped a series of biochemical steps in membraneprotein recy cling ( Fig. 1) -beginning with the removal from the endosomal membrane of PI3P and its replacement with PI4P, and followed by the recruitment of various proteins -that prepare endosomes and their cargo proteins for return to the plasma membrane.
These results raise questions about the organization of the sorting process. Previ ous studies have suggested that PI4K2A is required for the degradation of some proteins (other receptor proteins such as epidermal growth factor receptors 9 , for example) and foreign particles ingested by immune cells called phagocytes 10 . PI4P is also found in late endosomes, which are intermediates for the degradation pathway 11 . The ability to dis criminate between the same PI4P signals in membrane compartments destined for dif ferent fates probably involves extra molecular regulators.
It has previously been postulated that PIP effectors function by recognizing additional membrane components, such as the Rab pro teins 12 . Rab11 is known to mark membranes destined for recycling, and Rab7 marks them for degradation 12 . These proteins, together with PI4P, might recruit different molecular machines that determine different membrane fates. Similar processes are seen in other PIPregulated pathways 13 , such as membrane curvature sensing or the transport of certain lipids between the membranes of different In membrane regions such as those harbouring EGFR, PI3P is converted to PI(3,5)P 2 (yellow membranes), marking the region for degradation (the lipids present in the outer membrane of endosomes destined for degradation remain unknown). Ketel et al. 1 report that regions destined for recycling, such as those harbouring TfR, are modified by the sequential action of two enzymes. First, MTM1 removes the phosphate group from PI3P, then PI4K2A adds a phosphate group to position 4, generating PI4P (red membranes). The presence of PI4P directs the endosome back to the plasma membrane so that the proteins can be reused.
It is particularly rewarding to investigate the experience of chronosystole, or time contraction during sympathetic excitation, as this state, which is connected with an increase in metabolic rate, can be elicited at will through psychotomimetic, pyretogenic drugs such as mescaline, marihuana, dlysergic acid diethylamide (LSD), 'Psilocybin' … No effort has been made … to quantitatively differentiate the degrees of reactivity in subjects who have ingested the same dose of 'Psilocybin' … We have refined the use of two already existing variables for the measurement of time contraction -handwriting samples and fingertapping rates. From Nature 22 January 1966
Years Ago
To discover whether the various objects carried about on the spines of the purpletipped seaurchin (Echinus miliaris) were accidentally picked up or deliberately placed there has recently formed the subject of a series of experiments by Mr. H. N. Milligan. He gives the results of his inquiry in the Zoologist for December. While usually stones, seaweed, or shells are carried, tube worms, hydroids, periwinkles, or tunicates, as chance may determine, are also used, apparently for the purposes of disguise and protection from enemies. That such objects are borne with a purpose, and not as a result of accident, is shown by the fact that when all foreign bodies are removed from the spines of urchins living in an aquarium, they will invariably be speedily replaced as soon as their loss is perceived, the tubefeet being used to perform this office. Young individuals were more assiduous in this regard than adults, but in all cases particular care was taken to conceal the anus, which is apparently a very vulnerable spot. From Nature 20 January 1916 organelles, and is likely to be replicated in other lipid-protein complexes at different stages of endocytosis and recycling.
Ketel and colleagues' study marks a step forward in our understanding of how PIPs act as a 'lipid code' to direct the sorting of cellsurface molecules in endosomes. More over, they provide a neat demonstration of the importance of this code to preventing diseases such as Xlinked centronuclear myopathy. Get ting a grip on the molecular underpinnings of this debilitating disease may help scientists to devise strategies to improve its outcomes. ■ 
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Biodiversity and productivity entwined
A systems-level analysis of grasslands across the planet provides stimulating insight into the interlaced pathways that connect species diversity and biological productivity in ecological communities. See Letter p.390
K E V I N G R O S S
A n abiding goal of ecology is to under stand how the biological diversity of natural communities is linked to the rate at which those communities produce biomass, if it is linked at all [1] [2] [3] [4] [5] . Elucidating this connection and the processes behind it is useful, among other reasons, for anticipating how eco logical communities may change in response to anthropogenic perturbations, such as altera tions to the abiotic environment, the intro duction of new species or the loss of established ones. Yet despite more than 40 years of study and debate, a comprehensive, mechanistic understanding of the relationship between bio diversity and ecosystem productivity remains elusive. On page 390 of this issue, Grace et al. 6 argue that the interplay between these factors is more fully understood when both are placed in a rich network of causeandeffect pathways, as opposed to being regarded as entities engaged in an isolated backandforth.
The authors considered data generated by the Nutrient Network 7 , a global scientific cooperative that examined several dozen grassdominated plant communities from across the planet. Grace and colleagues ana lysed these data using a structuralequation model -a statistical method that examines whether a hypothesized system of causeand effect pathways is consistent with covaria tion in a collection of variables. The starting point for this analysis was a putative network of causeandeffect relationships for several aspects of ecosystems and their associated environments, devised from the authors' synthesis of the literature. The confrontation between data and model then occurred at two nested levels: between the sites of the Nutrient Network, and across replicate communities within each site.
Several provocative results emerge (Fig. 1) . First, the authors find that the rate of biomass production increases with the number of spe cies found at a site (its species richness). What is notable here is that this effect holds steady across the observed variation in species rich ness, instead of saturating in communities with greater richness, as a generation of experimen tal and theoretical work has suggested that it may 8 . Second, both between and within sites, a greater stock of accumulated aboveground biomass (live plant tissue and dead litter) decreases species richness. The authors sug gest that this provides evidence that competi tion between species -primarily for light, at least at smaller spatial scales -is an impor tant force in determining why communities contain as many species as they do. Again, the
